From a Corynebacterium glutamicum mutant possessing a homoserine dehydrogenase resistant to feedback inhibition by L-threonine, the corresponding gene (homFBR) was analyzed and compared with the wild-type hom gene. DNA fragment exchange experiments between both genes showed that a 0.23-kb region close to the 3' terminus of homFBR was responsible for deregulation. Nucleotide sequence analysis revealed a single transition from G to A in homFBR leading to replacement of glycine-378 by glutamate in the mutant homoserine dehydrogenase.
dehydrogenase.
In coryneform bacteria, L-threonine biosynthesis starting with aspartate consists of five enzymatic steps, the initial two being common to L-threonine and L-lysine synthesis. Carbon flow towards L-threonine is regulated by the third enzyme, homoserine dehydrogenase (HDH), which is inhibited by L-threonine (9, 10) . Moreover, synthesis of HDH is weakly repressed by methionine (11) . Mutants of Corynebacterium glutamicum, Brevibacterium flavum, and Brevibacterium lactofermentum, possessing an HDH insensitive to inhibition by L-threonine, show increased L-threonine formation and are therefore used in industrial L-threonine production (6, 16) .
The C. glutamicum hom gene coding for the wild-type HDH was previously isolated and analyzed by Peoples et al. (14) . We present here the analysis of a C. glutamicum hom gene (homFBR) coding for a feedback-resistant HDH. The homFBR gene was derived from C. glutamicum mutant strain DM 368-3, which was obtained by N-methyl-N'-nitro-Nnitrosoguanidine mutagenesis and subsequent selection on medium containing the threonine analog 2-amino-3-hydroxyvalerate (9 mg/ml).
The homFBR gene from C. glutamicum DM 368-3 (Degussa AG) and the wild-type hom gene from C. glutamicum ATCC 13032 were previously isolated as 3.6-kb Sall-generated chromosomal fragments (3) . For the following experiments, hom and homFBR were subcloned as 1.7-kb SmaI-XmnI fragments in the Escherichia coliIC. glutamicum shuttle vector pJC1 (2) . After transformation of pJC1-hom and pJC1-homFBR into C. glutamicum DM 368-3 by electroporation (8), both constructs conferred about 12-fold overexpression of HDH (Fig. 1) . As expected, pJC1-hom expressed an HDH that was completely inhibited by 2 mM L-threonine, whereas pJC1-homFBR expressed an HDH that showed no inhibition by L-threonine up to 25 mM.
To localize the region in homFBR responsible for deregulation of HDH, we exchanged fragments between pJC1-hom and pJC1-homFBR, transformed the hybrid constructs into C. glutamicum DM 368-3, and tested the constructs for the expression of a regulated or deregulated HDH (Fig. 1) . In pJC1-hom, a 0.5-kb PvuII-BamHI fragment containing the terminal 412 bp of hom was replaced by the corresponding fragment from pJC1-homFBR, resulting in the hybrid con-* Corresponding author. struct pJC1-hom/rell. This plasmid expressed an HDH with insensitivity towards L-threonine equal to that of the mutant HDH ( Fig. 1) . In an analogous experiment, the 0.5-kb PvuII-BamHI fragment from pJC1-homFBR was replaced by the corresponding region from pJC1-hom, resulting in pJC1-homFBR/wtl. This construct expressed an HDH with wildtype sensitivity towards L-threonine ( Fig. 1) . These experiments demonstrated that the mutation responsible for the deregulation of HDH must be located in the terminal 412 bp of the structural homFBR gene. To analyze this region more precisely, we made use of a unique NheI restriction site within these 412 bp and replaced in pJC1-hom the terminal 183 bp of the structural hom gene by the corresponding region of pJC1-homFBR. The resulting construct pJC1-homl rel2 expressed an HDH with wild-type sensitivity towards L-threonine (Fig. 1) . In pJC1-homFBR, this region was replaced by the corresponding pJC1-hom fragment, leading to pJC1-homFBR/wt2. This hybrid construct expressed a deregulated HDH (Fig. 1) . By these experiments, we were able to confine the region in homFBR that was responsible for deregulation of HDH to a 229-bp PvuII-NheI fragment, close to the 3' end of the gene. This PvuII-NheI fragment from pJCl-homFBR and the corresponding fragment from pJC1-hom were subcloned in pUC18 and sequenced by the dideoxy chain termination method (15) . Sequence data obtained from both strands and comparison of both fragments revealed a single transition from G to A at position 1133 in the structural homFBR gene. Within the reading frame of the hom gene, this mutation changes a GGG codon to a GAG codon, leading to a replacement of glycine-378 by glutamate. Site-directed mutagenesis experiments were performed to study whether charge and/or size of the side chain of amino acid 378 in HDH affects threonine inhibition. Therefore, in homFBR, the GAG codon for glutamate-378 of HDH was replaced by CAG coding for glutamine and by GCG coding for alanine. Amino acid sequence comparisons revealed significant identity between the HDH of C. glutamicum, the HDH of Bacillus subtilis, and the HDH domain of the bifunctional aspartokinase-HDH II of E. coli (13, 14, 19) . However, the former two enzymes, both feedback inhibited by L-threonine, contain approximately 100 amino acids at the carboxy (C) terminus which (i) have no counterparts in the L-threonine-insensitive E. coli aspartokinase-HDH 11 (13, 14) and (ii) show stretches of substantial similarity to each other (14) . Within the first of these stretches (Fig. 2) , we localized the glycine-to-glutamate exchange causing feedback release of the C. glutamicum HDH. From this result, we conclude that the C-terminal sequence of the C. glutamicum HDH forms the regulatory domain that is responsible for feedback inhibition. Recently, this was also proposed by Sinskey et al. (17) . For the HDH of B. subtilis, this was also proposed by Parsot and Cohen (13) after comparing amino acid sequences of B. subtilis HDH and E. coli aspartokinase-HDHs. (5) , and C. glutamicum (12) (Fig.  2) . This threonine dehydratase region was previously designated as the C3 domain and is proposed to be involved in the catalysis of the enzyme (18) . Furthermore, there is similarity between this region and a specific region of several eucaryotic serine or threonine kinases (Fig. 2) . This kinase region was designated domain VIII and is thought to be involved in the recognition of threonine and serine (4) . These data indicate that, in the HDH of C. glutamicum, the region from amino acid 403 to 417 may be the L-threonine recognition or binding site for feedback inhibition.
The substitution of glycine-378 by glutamate, glutamine, or alanine that causes an altered feedback resistance of HDH may be responsible for a conformational change in the regulatory domain. To gain more information on the proposed L-threonine recognition or binding locus (amino acids 403 to 417), site-directed mutagenesis experiments must be done.
